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Results from comprehensive neuropsychological assessments of children diagnosed with epilepsy have rarely been reported. 
Previous research has generally focused on the measurement of overall intellectual ability and achieiement skills. In the 
present study, neuropsychological evaluations including memory, attention, language, achievement, fine motor, executive 
function, visual motor integration, and behavior were completed on children (n = 79) diagnosed with epilepsy. Neurocognitive 
skills were within expectations for measured intelligence with the exception of verbal and visual attention skills, which were 
significantly below expectations based on measured ability. Behaviorally, children were rated by their parents as demonstrating 
clinically elevated attentional problems. Differences in cognitive and behavioral function were not found according lo seizure 
type. Findings suggested a more diffuse effect of childhood epilepsy reflected in a pattern of decreased attention skills. 
Kev W&T: pediatric; epilepsy; neuropsychological; attention. 
INTRODUCTION 
Results from broad, comprehensive assessment of 
neuropsychological function have rarely been re- 
ported for children diagnosed with epilepsy. Most 
studies have focused on overall intelligence and 
academic achievement. With regard to intelligence, 
Hauser and Hesdorffer’ indicate that the IQ distribu- 
tion of children with epilepsy is similar to the general 
pediatric population. However, other researchers re- 
port that IQ scores are skewed toward the lower end 
of the average range2*3. A general pattern of academic 
underachievement has been noted regardless of type 
of epilepsy or treatment4. When learning disabilities 
are present, children with epilepsy do not appear to 
demonstrate specific types of learning impairment5. 
Some studies have reported hemisphere-specific 
disruption of cognitive skills in children diagnosed 
with epilepsy. For example, lowered performance on 
verbal memory tasks has been found in children with 
left temporal lobe epilepsy, while right temporal lobe 
epilepsy has been associated with decreased visual 
memory functior?. In contrast, other studies have 
not supported focus-related effects. Camfield et al7 
did not find differences in verbal and performance 
skills between children with left or right temporal 
lobe epilepsy. 
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An alternative hypothesis suggests that childhood 
epilepsy may have a more generalized impact on 
neurocognitive skills rather than having lateralized 
effects. In repeated studies of children with unilat- 
eral lesions, Vargha-Khadem et af* indicated a dif- 
fuse cognitive effect associated with the presence or 
absence of seizures. Children with seizures and unilat- 
eral lesions demonstrated decreased performance on 
both verbal and performance IQ tasks, while children 
with unilateral lesions and no history of seizures per- 
formed below expectations only on performance IQ. 
Stumiolo and Galletti4 suggest that the relationship 
between epilepsy and cognitive disorders is indirect 
due to decreased alertness having a general impact on 
learning. Disruption of attentional skills has been re- 
ported for children with epilepsy who demonstrate 
normal intellectual function as well as in children 
with lowered IQ9. 
The present study was designed tdexamine patterns 
of neuropsychological function in children diagnosed 
with epilepsy based on comprehensive assessments 
including memory, attention, language, achievement, 
fine motor, executive function, visual motor integra- 
tion and behavior. Neurocognitive skills were evalu- 
ated relative to measured intelligence. Differences in 
performance based on seizure type were explored. 
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MATERIALS AND METHODS 
Subjects 
A group of children (n = 79) diagnosed with epilepsy 
were consecutively referred for neuropsychological 
evaluations from all neurology outpatient clinics at 
Arkansas Children’s Hospital during the years 1990 
to 1995. Due to motor requirements in the test bat- 
tery and to prevent confounding of results from ac- 
quired neurological conditions known to alter patterns 
of neuropsychological function, children with docu- 
mented neurodegenerative disorders, seizures result- 
ing from head trauma, motor handicaps, or a history 
of shunts or neurosurgery were excluded from the 
study. An IQ score of 70 or higher was required for 
subject inclusion. 
Children ranged in age from 6 to 15 years (mean 
= 10 years, 2 months; SD = 35 months). Gender was 
almost evenly divided with 37 females and 42 males. 
Racial composition included 72 Caucasian children 
and seven African-American children. 
Seizure type included 18 children diagnosed with 
absence seizures, 56 children with complex partial 
seizures, and five children with generalized tonic- 
clonic seizures. MRI findings for 51 children were 
within the normal range, 18 children had abnor- 
mal scans either involving lesions directly associ- 
ated with the seizure focus or anomalies that were 
inconsequential to neuropsychological function, and 
10 children did not undergo the procedure. All chil- 
dren were prescribed anticonvulsants with 64 chil- 
dren on monotherapy, 14 children taking two anti- 
convulsants, and one child taking three anticonvul- 
sants. 
Instruments 
The neuropsychological evaluation included tests of 
intelligence, memory, achievement, language, visual 
motor integration, executive function, motor speed, 
and behavior. Instruments used are listed in Table 1. 
Tests of intelligence, overall verbal and visual mem- 
ory, achievement, language, and visual motor skills 
had a mean score of 100 with a standard devia- 
tion of 15. Verbal and visual memory subtests had 
scaled score means of 10 with a standard deviation 
of 3. Standard scores on the Wisconsin Card Sort- 
ing Test’* were based on the number of concep- 
tual categories completed converted into z-scores ac- 
cording to developmental norms24. Standard scores 
for Trails A and B I9 were based on time to com- 
pletion converted into z-scores according to norma- 
tive data25. Standard scores for dominant hand per- 
formance on the Grooved Pegboard17 were based 
on fine motor speed converted into z-scores accord- 
ing to developmental norrm?. Scores on the Con- 
tinuous Performance Test2’ were reported as per- 
centage correct. Measures of behavior, anxiety and 
depression were reported in T-scores with a mean 
of 50 and standard deviation of 10. Higher scores 
were indicative of increasing psychopathology with 
a T-score of 70 or above in the clinically elevated 
range. 
Statistical analysis 
Mean scores were calculated for each of the neuro- 
cognitive tests. In order to delineate more accurately 
cognitive patterns of performance, each neurocog- 
nitive mean score was compared to the mean Full 
Scale Intelligence score (FSIQ). Statistical compar- 
isons were completed using dependent samples r-tests 
to determine if performance level was significantly 
discrepant from FSIQ. Completing a separate depen- 
dent sample t-test on each variable took into account 
differences in levels of relatedness between FSIQ and 
individual neurocognitive tasks. Significant positive 
correlations had been found between FSIQ and each 
of the neurocognitive tests with the exception of the 
Continuous Performance Test, Trails A, and Wiscon- 
sin Card Sorting Test. 
As previous studies had suggested difficulty with 
attentional skills in children diagnosed with epilepsy, 
a factor analysis was used to determine significant 
loadings on attentional factors. The present data were 
factor-analysed, as variability has been noted in fac- 
tor loadings among different populations, particularly 
when the subjects may vary from the norm. Based on 
factor analysis of the data, a verbal attention factor 
was found which consisted of Number/Letter Mem- 
ory from the Wide Range Assessment of Memory and 
Learning (WRAML)12 and Digit Span, Arithmetic 
and Information from the Wechsleri”v i ’ . The mean 
verbal attention factor score was compared with the 
mean Vocabulary subtest scaled score, as this sub- 
test has the highest correlation with verbal intelli- 
gence. A visual attention factor was determined which 
consisted of Finger Windows from the WRAML12 
and Coding from the Wechsler”, “. The mean vi- 
sual attention factor score was compared with the 
mean Block Design subtest scaled score, as this sub- 
test has the highest correlation with nonverbal intel- 
ligence. 
Mean scores were calculated for behavioral and 
emotional scales, and these scores were compared 
with normative data. 
ANOVAs were used to compare cognitive and be- 
havioral scores according to seizure type. 
Achievement Woodcock Johnson Tests of Achievement-Revised’3 
Language 
Visual motor integration 
Motor skills 
Executive function 
Neuropsychological patterns 
Table 1: Evaluation areas and instruments 
Evaluation area 
Intelligence 
Instrument 
Wechsler Intelligence Scale for Children-RevisedlO 
Wechsler Intelligence Scale for Children-Third Edition” 
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Memory Wide Range Assessment of Memory and Learning’* 
Verbal Memory Index: Story Memory, Sentence Memory. and Number/Letter Memory 
Visual Memory Index: Picture Memory, Design Memory, and Finger Windows 
Verbal Learning Subtest 
Basic Reading Skills 
Basic Mathematics Skills 
Peabody Picture Vocabulary Test-RevisedI 
Expressive One-Word Picture Vocabulary Test-RevisedI 
Beery Visual-Motor Integration Test I6 
Grooved Pegboard Test” 
Wisconsin Card Sorting TestI 
Trail Making Test I9 
Continuous Performance Testlo 
Behavior and personality Child Behavior Checklist*’ 
Revised Children’s Manifest Anxiety Scale*’ 
Children’s Depression Inventory23 
RESULTS 
FSIQ for the sample was within the low average to 
average range (mean = 86.8; SD = 10.4; range = 70 
to 121) without a discrepancy between Verbal (mean 
= 88.4; SD = 11.9) and Performance IQs (mean = 
87.5; SD = 12.0). Neurocognitive skills were within 
the low average to average range and commensurate 
with overall FSIQ (Table 2). T-test comparisons of 
neurocognitive skills with FSIQ did not result in any 
significant differences except for basic reading skills 
and Trail Making Test standard scores which were 
higher than expected for overall cognitive ability. 
Scores on subtests measuring specific verbal and 
visual memory skills were within the average to low 
average range with the exception of two tasks highly 
sensitive to attention. Performance on Number/Letter 
Memory (mean = 6.5; SD = 2.1) and Finger Windows 
(mean = 7.1; SD = 2.9) were within the borderline to 
low average range (Fig. 1). 
A significant difference (t = 2.42; df. = 73; 
P -z 0.018) was found between the verbal attention 
factor score (mean = 7.3; SD = 2.0) and the Vocabu- 
lary scaled score (mean = 8.1; SD = 2.6). The visual 
attention factor score (mean = 7.2; SD = 2.3) was 
significantly (t = 4.44; df. = 73; P -e 0.0001) lower 
than the Block Design scaled score (mean = 8.7; SD 
= 2.5). 
An additional analysis was performed which elim- 
inated 11 children who were diagnosed with Atten- 
tion Deficit Hyperactivity Disorder. Removal of these 
subjects did not alter outcome findings. A signifi- 
cant difference (t = 2.57; df. = 62; P c 0.012) 
remained between the verbal attention factor score 
(mean = 7.1; SD = 1.9) and the Vocabulary scaled 
score (mean = 8.0; SD = 2.7), and a significant dif- 
ference (t = 3.83; df. = 62; P < 0.0003) was also 
found between the visual attention factor score (mean 
= 7.4; SD = 2.4) and the Block Design scaled score 
(mean = 8.9; SD = 2.5). 
Scores (n = 56) on the Continuous Performance 
Test resulted in an Absolute Score of 76% and Rel- 
ative Score of 73%. Outcome was below expectation 
of 98% correct based on normative data*‘. 
Results from behavioral measures21-23 indicated 
clinically elevated scores, 2 standard deviations above 
the norm, on the Attention Problems Scale of the 
Child Behavior Checklist (Fig. 2). Scores from the 
Revised Children’s Manifest Anxiety Scale (mean = 
53.7; SD = 10.7; range = 34 to 87) and Children’s De- 
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Table 2: Comparison of mean scores on neurocognitive tests with FSIQ 
Test Mean score 
FSIQ 86.8 
I-test P 
WRAML Verbal Memory Index (n = 79) 
WRAML Visual Memory Index (n = 79) 
Beety Visual Motor Integration (!I = 79) 
Grooved Pegboard (II = 77) 
PPVT-R (n = 48) 
EOWPVT-R (n = 29) 
Wisconsin Card Sorting Test 01 = 64) 
Trails A (11 = 69) 
Trails B (n = 64) 
Woodcock Johnson Basic Reading 01 = 60) 
Woodcock Johnson Basic Math (n = 64) 
* P < 0.5; ** P < 0.01. 
85.3 I .06 0.29 
88.9 I .72 0.09 
86.8 0.92 0.36 
90.6 1.63 0.11 
82.5 1.16 0.25 
87.1 0.77 0.45 
89.9 1.24 0.22 
94.3 2.59 0.01* 
94. I 2.92 0.005** 
90.5 2.87 0.006” 
86.2 0.16 0.88 
Verbal subtests Visual subtests 
6 
Fig. 1: Verbal and visual memory subtest scores on the Wide Range Assessment of Memory and Learning. 
pression Inventory (mean = 49.7; SD = 8.6; range = 
36 to 67) did not indicate significant levels of anxiety 
or depression. 
Significant differences in cognitive and behavioral 
scores were not found based on seizure type. 
DISCUSSION 
The measured intelligence of children in the present 
study was in the low average range. Overall ver- 
bal and visual memory skills were in the low aver- 
age range and commensurate with measured abilities. 
There was no evidence of specific subtypes of leam- 
ing impairment based on achievement scores. Mo- 
tor speed, problem-solving, and information process- 
ing speed were within expectation for measured IQ. 
These results reflect the importance of considering 
overall intellectual level when examining patterns of 
cognitive strengths and weaknesses in children diag- 
nosed with epilepsy. Inconsistencies in outcome find- 
ings may be reduced when IQ is considered, and hy- 
pothesized deficits may not be apparent when com- 
pared with overall cognitive ability. 
Reduced attention skills in relation to measured 
ability were consistently found. Performance on two 
memory tasks, highly sensitive to attention, would 
suggest problems with initial encoding of informa- 
tion. Scores on both verbal and visual attention fac- 
tors were significantly below expectations based on 
ability level. In addition, a computerized measure of 
visual attention was below expectation compared with 
normative data, and parental ratings of attentional dif- 
ficulties were clinically elevated. Findings remained 
Neuropsychological patterns 
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Fig. 2: Parental ratings on the Child Behavior Checklist. 
robust when children with a diagnosis of Attention 
Deficit Hyperactivity Disorder were excluded from 
the analysis. The current results, based on a clinically 
referred sample, were consistent with previous find- 
ings concerning non-referred children with epilepsy 
who demonstrated decreased attentional skills2’. 
Outcome findings indicate a more generalized 
pattern of inattention, regardless of seizure type, 
rather than hemisphere-specific effects. The results 
of this study might suggest a developmental effect of 
epilepsy which is more diffuse in nature. This pos- 
tulation is in agreement with Vargha-Khadem er al* 
who contend that the presence of seizures negates 
the modality-specific findings of children who have 
experienced unilateral lesions in childhood. Child- 
hood epilepsy may have a more generalized impact 
on cognitive performance as opposed to the modality- 
specific effects, such as the differences in verbal vs. 
visual memory, noted in adults. If this hypothesis is 
correct, it might account for the overall pattern of 
reduced performance in cognitive measures and the 
underachievement often reported for children with 
seizure disorders. The reduced ability to attend to and 
encode information within the environment may more 
typically produce a generalized pattern of decreased 
IQ and achievement scores. 
Further research is warranted concerning this de- 
velopmental hypothesis. Comparison of cognitive pat- 
terns in children who developed epilepsy during early 
brain maturation vs. those who experienced epilepsy 
later in the developmental process, particularly after 
the onset of puberty, would be instructive. Additional 
studies to determine whether cognitive patterns may 
be associated with specific seizure types when age of 
onset is considered would also be helpful. 
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